Introduction {#sec1-1}
============

Diabetes mellitus (DM) is a systemic disease that alters the major metabolic pathway in the human body, affecting all organ systems. Type 1 DM (TIDM) probably accounts for 5%--10% of all diagnosed diabetes. About 50%--60% of patients with TIDM are diagnosed before 20 years of age. Hence, diabetes can be considered as one of the most common chronic diseases of childhood.\[[@ref1]\] India accounts for most of the children with TIDM in Southeast Asia.\[[@ref2]\] As per the sixth edition of the International Diabetes Federation diabetes atlas, three new cases of T1DM/100,000 children of the 0--14 years age group are detected in India each year.\[[@ref3]\]

Maintaining a healthy and transparent corneal stroma is the primary physiological function of the corneal endothelium. The endothelium also secretes a collagen matrix that forms the Descemet\'s membrane.\[[@ref4]\] A low endothelial count can lead to impairment of the endothelial pump resulting in corneal hydration and subsequent decompensation.

Cataracts are known to be more prevalent in diabetics.\[[@ref5][@ref6]\] Studies on the corneal endothelial density (cell density \[CD\]) and central corneal thickness (CCT) in adult diabetics undergoing cataract surgery have shown a higher cell loss as well as a delay in the postoperative recovery of corneal edema.\[[@ref7]\] Similar results were also obtained by Mathew *et al*. after manual SICS was performed on 153 diabetic patients.\[[@ref8]\]

Children with T1DM are likely to develop cataract and be subjected to surgery earlier than nondiabetics.\[[@ref9]\] In view of this, the risk of dysfunction of corneal endothelium cells may affect postoperative recovery.\[[@ref10]\]

Many studies have analyzed the corneal endothelium in adults with TIDM and Type 2 DM. These have shown that these patients have a lower mean CD with more pleomorphism and polymegathism.\[[@ref11][@ref12][@ref13]\] However, similar studies for Type 1 diabetics of the pediatric age group are few.\[[@ref12]\] On a literature search, no study on the Indian population of children with T1DM was found.

The aim of this prospective cross-sectional study was to detect the effect of DM on the corneal endothelium by measuring the corneal endothelial cell count and CCT in Type 1 diabetic patients of the pediatric and adolescent age group, and by comparing them with age matched controls. Further, it was also proposed to establish any correlation between the endothelial changes and the duration of diabetes, hemoglobin A1c (HbA1c) values, and age of the patient.

Early detection of corneal dysfunction in such cases will lead to early prevention of the sequelae. This is especially significant for juvenile diabetics who may be subjected to cataract surgery at a relatively early age.

Materials and Methods {#sec1-2}
=====================

The study was conducted at a tertiary care hospital in Western India.

Fifty children between the ages of 7--17 years attending the diabetic outpatient department of the department of pediatrics between January and December 2016 were enrolled for the study. Fifty age-matched children with no ocular complaints or systemic ailments were enrolled as the control group. Parental/guardian consent along with the consent of children above 12 years of age was obtained prior to enrolment. Approval of the institutional ethics committee was obtained before starting the study.

Children with a history of contact lens usage, previous ocular surgeries, myopia, and other ocular or systemic diseases other than DM were excluded from the study.

General patient information was noted including the name, age, sex, and registration number.

A detailed ophthalmological examination was carried out, which included best-corrected visual acuity, slit-lamp evaluation, fundus examination, intraocular pressure record, CCT, and endothelial cell count using the specular microscope of Topcon SP-1P.

In the diabetic group, the duration of diabetes was noted and the HbA1C levels were recorded.

Results were expressed with descriptive statistics, and Mann--Whitney U-test for comparison of the group parameters and correlation analysis were performed with SPSS statistical software 20.0 (online independent platform development software). Multiple linear regression analyses were done to determine different parameters and *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Fifty (100 eyes) patients diagnosed with TIDM and 50 (100 eyes) healthy children of the age group of 7--17 years were enrolled in the study. Of the 50 children in the diabetic group, 24 were male and 26 were female. Of the healthy group, 28 were male and 22 were female. The mean age of the T1DM patients was 12.16 ± 2.63 years with a mean diabetic duration of 3.91 ± 1.65 years. The mean age of the controls was 12.28 ± 3.00 years.

All the patients in the diabetic as well as control groups had an unaided visual acuity of 6/6. No patient in the diabetic group was detected to have cataract or diabetic retinopathy.

In the T1DM group, the CCT values ranged from 442 to 631 μ with a mean of 525.16 ± 33.14 μ. This was significantly higher than that of the control group (*P* = 0.015), where the CCT values ranged from 456 to 583 μ with a mean of 513.44 ± 29.46 μ \[[Figure 1](#F1){ref-type="fig"}\].
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In the T1DM group, the corneal endothelial CD ranged from 2396 to 3791 cells/mm^2^ with a mean of 3039.64 ± 292.84 cells/mm^2^. This was significantly lower than that of the control group (*P* \< 0.001) where the CD ranged from 2359 to 3879 cells/mm^2^ with a mean of 3360.41 ± 268.04 cells/mm^2^ \[[Figure 2](#F2){ref-type="fig"}\].
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The HbA1c values ranged from 5.8 to 15.8 with a mean of 10.9 ± 2.3. Only two patients had a value of \<7.

The duration of diabetes ranged from 1 week to 9 years with a mean of 3.91 ± 1.65 years.

The risk factors of DM, viz., age of the patient, duration of DM, and HbA1c values were analyzed with multiple linear regression analyses. *P* \< 0.05 was considered statistically significant.

There was no significant correlation of any of the risk parameters with CCT.

There was a significant negative correlation of the age of the patient with endothelial CD (*P* = 0.008) \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\].

###### 

Multiple linear regression analyses of central corneal thickness in diabetics

  Parameter        Unstandardized coefficients   Standardized coefficients   *t*      *P*      
  ---------------- ----------------------------- --------------------------- -------- -------- -------
  Age              −0.439                        1.307                       −0.035   −0.336   0.737
  HbA1c            −0.125                        1.510                       −0.009   −0.083   0.934
  Duration of DM   −3.030                        1.866                       −0.165   −1.624   0.108

SE: Standard error, DM: Diabetes mellitus, HbA1c: Hemoglobin A1c

###### 

Multiple linear regression analyses of corneal endothelial density in diabetics

  Parameter        Unstandardized coefficients   Standardized coefficients   *t*      *P*      
  ---------------- ----------------------------- --------------------------- -------- -------- -------
  Age              −30.596                       11.279                      −0.274   −2.713   0.008
  HbA1c            5.415                         13.032                      0.042    0.415    0.679
  Duration of DM   1.857                         16.101                      0.011    0.115    0.908

SE: Standard error, DM: Diabetes mellitus, HbA1c: Hemoglobin A1c

However, there was no significant correlation of the age with CCT and CD in the control group \[[Table 3](#T3){ref-type="table"}\].

###### 

Correlation of central corneal thickness and endothelial density with the age of nondiabetics

  Parameter     Correlation coefficient                 CCT      CD
  ------------- --------------------------------------- -------- --------
  Age           Pearson correlation coefficient (*r*)   −0.038   −0.106
  *P* - value   0.705                                   0.292    

CD: Corneal endothelial density, CCT: Central corneal thickness

Discussion {#sec1-4}
==========

Type 1 diabetes is a chronic illness characterized by the body\'s inability to produce insulin due to the autoimmune destruction of the beta cells in the pancreas. Onset most often occurs in childhood. Type 1 diabetes has 78,000 new cases diagnosed every year in young individuals (\<5 years).\[[@ref1]\] Maahs *et al*. reported that the incidence of T1DM increased with age in most populations, with the highest incidence observed in the 10--14-year olds.\[[@ref13]\] In our study also, the largest number of patients (40%) belonged to the 11--13 years age group. Corneal changes are diagnosed in nearly 70% of adult patients with diabetes (Type 1 and Type 2).\[[@ref14]\]

In the present study, the average CD in patients with diabetes was significantly lower than that in the control group (*P* \< 0.001). Módis *et al*. studied adults with Type 1 and Type 2 diabetes and also found a statistically significant decreased CD in Type I diabetics (2428 ± 219 cell/mm^2^) in comparison with healthy controls (2495 ± 191 cell/mm^2^).\[[@ref15]\] However, no significant decrease was seen in patients with Type 2 diabetes.

Excessive sorbitol produced by glycolysis leads to an over hydration of the cells due to osmosis, eventually resulting in failure of endothelial pump function, which reduces CD.\[[@ref16]\]

The difference in the average CCT in the T1DM group (525.2 ± 33.3 μ) and that of the controls (513.44 ± 29.46 μ) was also significant (*P* = 0.015). Similar results were obtained by Urban *et al*. who examined 123 eyes of Type 1 diabetic children and 124 eyes of nondiabetic children.\[[@ref12]\] Tiutiuca measured the CCT for 100 children with Type 1 diabetes and 100 healthy children. He also concluded that diabetic children have a significantly increased CCT when compared with nondiabetic children.\[[@ref17]\]

Possible explanations for increased corneal thickness in diabetic patients are inhibition of the corneal endothelial pump and an increased endothelial permeability, which result from the metabolic effects of diabetes. Excessive sorbitol is produced by glucose being reduced by the enzyme aldose reductase. This gets deposited in the endothelial cells, which osmotically draw in more solvent to quench the excessive solute, overhydrating the cells, resulting in swelling of the cornea.\[[@ref16][@ref18]\]

Of the risk factors studied by us, we could demonstrate a significant (*P* = 0.008) negative correlation of the CD with the age of the diabetic patients (*r* = −0.106). No correlation was found in the control group. It may be surmised that TIDM is responsible for the significant reduction in CD in the diabetic group. The average HbA1c value of our patients was 10.92 ± 2.28, with only two patients having a value of \<7. In the present study, we did not find any significant correlation between CD and CCT with HbA1c levels. This coincided with studies conducted on adults with Type II DM by Matsuda *et al*.\[[@ref19]\] and Siribunkum *et al*.\[[@ref20]\]

There was no significant correlation of CD and CCT with the duration of diabetes. A study conducted by Urban *et al*.,\[[@ref12]\] analyzing the influence of local and systemic factors affecting the density of the corneal endothelium in children and adolescents with Type 1 diabetes, demonstrated a significant correlation between CD and the duration of diabetes. In our study, the mean age of the T1DM patients was 12.16 ± 2.63 years and the duration of diabetes ranged from 1 week to 9 years. However, of the 50 patients with T1DM, 35 had diabetes for \<5 years. The disparity could probably be explained by the shorter average duration of diabetes in our patients (3.91 ± 1.65 years) as compared to theirs (8.02 ± 3.9 years) as well as the higher mean age in their study (15.34 ± 3.06 years).

Evaluating the condition of the corneal endothelium is important because one of the most frequent reasons of corneal endothelium cells loss is cataract surgery. The research done by Mathew *et al*. shows that the removal of cataract by manual small incision cataract surgery is exceptionally traumatizing for the endothelium in eyes of diabetic patients. The diabetic endothelium was found to be under greater metabolic stress and had less functional reserve after cataract surgery.\[[@ref8]\] It can be assumed that for children suffering from diabetes, development of cataract in the future and the necessity for its surgery may be relatively early. In view of this, there is a significant increase in the risk of dysfunction of corneal endothelium cells. Hence, an evaluation of the corneal endothelium should be a part of the protocol for eye care of diabetic patients with special emphasis in the pediatric age group of Type 1 diabetics. This may be especially relevant in countries like India which are host to a large population of children suffering from diabetes.
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